
UNCLASSIFIED

AD NUMBER

AD422365

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Oct 1963.
Other requests shall be referred to U.S.
Army Biological Labs., Fort Detrick, MD.

AUTHORITY

BORL D/A ltr, 27 Sep 1971

THIS PAGE IS UNCLASSIFIED



ýj)EEENSE [DOCUMENIATION CENETH

SSCiENTIFiC /,ND IECI]~NICA1. INFORM, `ION
C*~AEP~ SATION, ADM 7NRIA. VIRGINIAI

Ov '11K. NJI



THIS DOCUMENT IS BEST

QUALITY AVAILABLE. TET COPY

FURNISKED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REFROD UCEL LEGIBLY This Document Contains

Missing Page/s That Are

BLAN PAES HATUnavailable In TheTHIS DOCUMENT CONTAINED 
UaalbeI h

REPRODAUCEDHAFRM Original Document

BEEN DELETED BESTAALBE COPBEST AVAILABLE COPY



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
GovexTizent, 4t harebj" incu'rz n- re-ponaibility, nor any

obligation whatsoever; and the fact that the Gov6.n-
ment may have formnlated, furnished, or in any way
supplied the said dravings. sDecifications. or other

wise as in any manner li.ensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
n-•tenibed invention that may in any way be related
thereto.



TECHNICA,&%L MANUSaCR IPT 104
S....,....,.

..........

,.o.....,..

..... .... PATHOGENESIS OF EXPERIMENTAL
RESPIRATORY TULAREMIA IN MONKEYS

OCTOBER 1963

UNITED STATES ARMY
BIOLOG EICAL LABON RTORIES

FORT DETRICK



U.S. ARMY BIOLOGICAL LABORATORIES
Fort Detrick, Frederick, Maryland

TECIhICAL MANUSCRIPT 104

PATHOGENESIS OF EXPERIMENTAL TULAREMIA
IN MONKEYS: EFFECT OF PARTICLE SIZE

john D. White

James R. Rooney

Patricia A. Prickett

Edward B. Derrenbacher

Charles W. Beard

William R. Griffith

Pathology Division

DIRECTOR OF MEDICAL RESEARCH

Aerobiology Division
DIRECTOR OF BIOLOGICAL RESEARCH

Project IC622401A072 October 1963

:1.



2

A portion of the work reported here was per-
formed under Project 4BIl-02-068 and Project
1C022301A070, "Aerobiological Research,"
Task -03, "Pathogenesis of BW Aerosol-
Induced lnfcction." The expenditure order
was 2073. This material was originally
submitted as manuscript 5231.

DDC AVAILABILITY NOTICE

Qualified requestors may obtain copies of this
document from DDC.

Foreign announcement and dissemination of this
document by DOC is limited.

The information in this document has not been
cleared for release to the- public.



3

..ABSTRACT

The purpose of the experiments described in this report was to
determine, the primary sites of .infection and subsequent histogenesis
of lesions in lungs of rhesus monkeys exposed to the SCHU S4 strain
of Pasteurella tularensis in aerosols consisting of particles either
one or eight microns in diameter. The monkeys were sacrificed at 1/3,
12, 24, 72, and 96 hours after exposure and tissues were examined by
conventional pathological techniques and fluorescent antibody methods,

ýUnder the conditions of these experiments the respiratory bronchiole
was the primary site of infection in the lung of rhesus monkeys.
Intracellular P. tularensis was demonstrated in respiratory bronchioles
by fluorescent antibody staining of tissues obtained 20 minutes after
exposure to aerosols of one-micron particles.

t



I. INTRODUCTION

Although a considerable body of Information has been published on
pulmonary disease in man and animals, relatively few facts are available
concerning the pathogenesis or histogenesis of the primary stages of
Infectious pulmonary diseases. Mitchell has reviewed the literature on
the deposition and fate of particles introduced into the respiratory
system. The majority of information, however, deals with inert particles
rather than particles containing viable microorganisms.

Druett and coworkers studied the relationship between particle size
and infectivity of Pasteurella 2 and Brucella suisP for guinea pigs
and infectivity of anthrax spores- for guinea pigs and monkeys. For the
size range of one to 12 microns, infectivity decreased as particle size
increased. Additional information on the influence of particle size on
infectivity is contained in the reviews by FothergtilS and Goodlow and
Leonard .e

The purpose of the experiments reported here was to determine the
primary sites of infection and subsequent histogenesis of lesions in
lungs of rhesus monkeys exposed to aerospls of Pasteurella tularensis.*
Refined methods 7 for disseminating. controlling. and aasayinR aerosols
of- viphl.. natbovenir n'tr7roor ai.isms have mad'e ossibe a-corre17fon-
of the histogenesis of respiratory infection with various physical
characteristics of the aerosol. This report also deals with the influ-
ence of particle size on the histogenesis of the primary lesions induced
in Macaca mularta by aerosols containing P. tularensis.

* Animals were maintained in compliance with the 'Principles of
Laboratory Animal Care" as promulgated by the National
Society for Medical Research.
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II. MATERIALS AND METHODS

A. CULTURE

The SCHU S4 strain of P. tularensis was grown in modified casein
partial hydrolyzate (MCPH). Sterile MCPH, diluted with an equal
volume of sterile distilled water, was- added ta-the culture te make the
desired bacterial 6oncentra-tion- inr the- suspension used for generating
the aeriosol.

B. -AEOS'0LS'

The' infectlious aerosols were disseminated into a modified HenderSon
apparatus by elither a Collison spray heads or the vibrating reed. 9

Relat.-v hu.idiy Of. the aerosols ranged from 50 to 60 per cent and the
t.... .. .... t t~ as 2. 0C••"C.• The diameter of 95 per cent of the particles"". genratedby the Gollison spray head was one micron or less and that

of all particles- gnerated by ;he vibrating reed was eight micrbn-s
_-- ___-__-_ --____.• -- -_____.____-_ • _ --. _. .. . . __ -______ .. .--

Iv determine .tihe uoncent-ration of viable air-borne organisms, a
" •"---'- meeaure-d volume of the aeros-l was drawn through midget Shtpe impingeis,1 0

a--dt--e-dd_.fIL within, gelatin-saline, was assayed- by conventional bacteria-
.lgical pla int- procedures for- viable content. The dose for each
monkedy was Lhen calculated by multiplying the bacterial concentration
per liter of. aerosol, the exposure period- in minutes, and the respiratory
volume. Respiratory volumes were determined on the basis of body weight
and Guyton's formula. 1

C. AN-iALS

Twenty-eight rhesus monkeys, MDeaca mulatto, were used. They were
caged in pairs and given Purina monkey chow and water ad Iibitum. The
average body weight of this group of animals was 3.5 kilograms.

For exposure to the aerosol, each monkey was placed in a plastic
holding chair and fitted with a helmet attached to the Henderson appar-
atus. The aerosol was drawn into the helmet by a regulated vacuum. Use
of the holding chair permitted exposure without use of anesthesia. Six-
teen monkeys were exposed to aerosol particles one micron in diameter for
five minutes; the average dose was three, million cells of _. tularensis.
Twelve monkeys were exposed to aerosol particles eight microns in
diameter for five minutes. The average dose was 1600 cells.
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D. NECROPSIES

At selected tCnes after exposure, animals were euthanasized by
intravenous injection of Nembutal (Abbott)* and necropsied immedi-
ately. The schedule and the numbers of animals sacrificed at each
cime are shown in Table I.

TABLE I. NUMBER OF ANIMALS SACRIFICED AFTER
EXPOSURE TO THE AEROSOLS

Diameter Number of Animals Sacrificed

Particles in Aerosol, Time after Exposure, hours

microns 1/3 12 24 48 72 96

8 - 2 4 4 2

Samples of lung for quantitative .bacter iological culture and frozen
tissue for fluorescent antibody staining were obtained from four pairs-
of the animals exposed to the one-micron particles and. sarif iced at
1/3, 24, 48, and 72 hours. Samples of lung were triturated in glass
grinders, serially diluted in gelatin-saline, and 0.2-millil-fter samples
were spread on glucose-cysteine-blood-agar plates. Counts were made
after incubation for 72 and 96 hours and total concentrations calculated.
A sample of spleen, liver, tracheobronchiai lymph nodes, and each lobe
of the lungs was frozen at -70*C and stored at -200C for fluorescent
antibody studies.

The tissues and organs obtained from the remaining animals were
fixed in ten per cent neutral formalin. Necropsies were done with
sampling of thp internal organs, including upper respiratory tract.

* Nembutal (Sodium) Veterinary, Abbott Laboratories, North Chicago, ill.
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The tissues fixed in formalin were processed through paraffin, cut at

four micron, and stained with hematoxylin and eosin and a modified Giemsa
method. Thirty to fifty sections of lung were examined-fromn each animal.
Coronal sections of the decalcified nasal cavities and nasopharynx were
prepared.

E. FLUORESCENT ANTIBODY STAINING

Immune monkey serum with an agglutinin titer of 1:1280 for P. tularengis
was fractioned with ammonium sulfate and conjugated with fluorescein
isothiocyanate.' 3 The conjugate was adsorbed twice with mouse liver powder
(100 micrograms per milliliter) and twice with rabbit bone marrow. A portion
of the conjugate was further adsorbed with washed, formalin-killed., .

tularensis to remove homologous antibody. This reagent, used for control,
did not stain P. tularensis.

Sections of frozen tissues were placed in-.cetone for 30 minutes,( dried
in air, and stained 30 minutes with a 1:30 dilution of conjugate. A
companion section was treated similarly bu-t stained with the conjug-a-te-
adsorbed with tularensis cells. When tissues fixed in formel.n, were used,-
the paraffin sections were hydrated in the usual-mannery washed, tný buffered. -

a 0-1-+i.A .~.4y Al &11llAna tav- avany.man. w~4rlT es 91 .Wfai
microscope equipped with a 200-watt Osram lamr, Schott UC-2 a

transmitting filters, and a Schott GG-4 barrier filter.

: III, RESULTS

A. CULTURAL REcOVERY OF _. TUo n-cnSrs

At 20 minutes after exposure to the aerosol of one-micron particles,
the concentration of bacteria in the lung tissue was 21,000 per gram.

The total bacterial content, calculated by multiplying the concentration
per gram by the weight of the lungs, was 378,000 cells. This represented
a pneumonia retention of 12.6 per cent based on an inhaled dose of three
million cells. The numbers of bacteria recovered from the lung at each
time after exposure are presented in Table II.
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TABLE II. NUMBERS OF P. TULARENSIS IN LUNGS OF MONKEYS
EXPOSED TO AEROSOL OF ONE-MICRON PARTICLES

Time After Exposure, Concentration

hours Per Gram Total

1/3 2.1 x 106 3.8 x 106

24 2.9 x 106 3.8 x 107

48 4.0 x 106 9.5 x i06

72 1.9 x 109 7.0 x 1010

B. GROSS OBSERVATIONS

lrr 4A itlnn4t W~s Anfn~rent at' 7E houror inrhe liuftia of A~ntitd
exposed to the aerosol of one-micron.particles. Numerous reddishp....
firm, focal -leatons, 0.2 to 0.5 centimeter in di-metr, were--
in all lobea. The tracheobronehiel lymphrwmofts were- dsti-rctLy ..
enlarged at 72 hours and focal areas of necrosia were seen on the cu.t
surface.

The lungs of the animals exposed to eight-mtcrM7i partclesý and
saerifia6e at 72 hours contained womw areas. of hyperemis. .A- fev focal
necrotic lesions) similar ro- those seen' in the obn'iar- grmpo, weore-
pwresnt at- 96 hours. The changes in tep traoheob-onch nl lymph nodes-
were similar to-those in the animals exposed to one-mi-cron 'particles)
but were not seen until 24 hours. -later..

Gross changes. in the liver and spleen were apparent at 7Z hours in
the one-micron group and at 96 hours in the eight-micron grouv. TW--
liver was a mottled yellowish tan and the borders were slightly rounded.
The spleen appeared enlarged j and the cut7 surface was dry. _ A few minuttes
yellow, focal lesions were seen on the cut surfaces of these organs.
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MICROSM1OPTCAL OBSERVATIONS*

The histological findings were similar in each exposure group,
although the appearance of the lesions was delayed in the animals exposed
to the aerosol of eight-micron particles.

The earliest reaction to infection as observed by light microscopy was
found at 24 and 48 hours in the one- and eight-micron groups, respectively.
However., by fluorescent antibody staining, P. tularensis was found in the
lungs of animals killed 20 minutes after exposure to the aerosol of one-
micron particles. When anatomical features could be identified in the
frozen sectLons, the organisms were found in macrophages in the lumina
of respiratory bronchioles (Figure 1). Organisms were detected in
slightly less than ten per cent of the 160 slides examined from this
group of animals.

At 24 hours, a focal bronchiolitis was apparent in the animals, ..

exposed to one-micron particles. The bronchiolitis was localized jn the..
respiratory bronchiole, near its Junction with the terminal bronchiole.
The inflammatory reaction, predominantly neutrophiles .and macrophages,
involved the peribronchiolar tissues with exudation into the bronchitlar-- -
luimn (-ieure 2-). Pasteurella tularesis was found in .h .c-tc*Ia"u -:-. .__. ... ,,
maixrophages in thcue icsions (Figure 3). - . .

By 48 hours, a resoiratory brofichiolitis, ideritial t..t- t-t---
scribed above, was found in tha animals exposed to thAeight-d,;crou
particles. The incidenice of lesions was much lower in this group of
animals..

At 48 hours- in the. on.-mmicrort group and at 72 hours in the eight-
micron group, the bronchiolitis wasmore pronounced. There was eifidence
of necronls in the intr'luminal exudate. The inflammatory reaction"n- the.
peribronchiolar tissues and within septa of the rudimentary alveoli in the
respiratory. bronchioles appeared to extend and involve the alveoli spaces
(Figures 4 and 5). Pasteurella tularen-is was readily identified in
these lesions, In many areas, a peribronchiolar and perivascular
lymphangitis was seen. Neutrophiles and Pi rularensis cells were observed
in the distended lymphatics (Figure 6).

An extensive confluent bronchopneumonia developed by 72 hours in the
one-micron group and in 96 hours in the eight-micron group. Focal lesions
developing in the peribronchial lymphatics and lymphoid tissue frequently
appeared to invade the walls and break into the lumina of the bronchi.

* All references to P. tularensis in this section are based on obser-
vations under the fluorescence microscope.



Figu;.. 1. Section Through Resp.iratory Brunchiole
of Monkey Killed 20 M~inutes Aftu4
Excposure to Aerosol Of One-Micrco
Particles. The arrow poinrta to a
m-acrophage containing P. coLarniL.
l1iox.

Figura 2. Section Through Res pL:4i~y- ronchio Is
of Monkey z
urart Alflsnot-6' (1 tt
Note Lntraluminal visudate. I3QX.

Figure 3. Twenty-Four Hours After Exposure to
One-Micron Particles, Showing P
tularenaia in Subuatacosa, of Rtespiratory
Bronchiole. ISOX.

Figures 1. auad 3 are frozena sucLioris of lungs stained with fluorescent
antibody. Figure 2 is section of lung embedded in paraffin and otained
by a modified Giemsa method.
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Figure 4. At 72 Hours After Exposure to One-
Micron Partic lea, the Lesion has
Expanded to Include Parenchyma Adjacent
to Respiratory Bronchiole. 42X.

Figure 5. Section of Lung From Monkey.Ki~ld.
.72 Hourg Afett
Micron Particles. 42X~-,

Figure 6. Perivascular Lesion with Cells of
E. tularensis. flecteria are seen
in periveacular l.ymphatics. 10OX.

Figures 4 and 5 are sections of lungs embedded in paraffin and stained
by a modified Giemsa method. Figure 6 is frozen section of lung
stained with fluorescent antibody.
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Microscopical changes in the tracheobronchial lymph nodes were seen
at 48 hours in the one-micron group and at 72 hours ini the eight-micron
group. Cortical foci of necrosis surrounded by neutrophiles and histiocytes
were present. Cells of P. tularensis were found in these lesions. By
72 and 96 hours in the two groups, the normal architecture of the lymph
nodes was replaced by confluent necrosis.

No tularemic lesions were found in the coronal nections of nasal and
nasopharyngeal cavities. The liver and spleen had small focal lesions of
necrosis with neutrophiles and macrophages by 24 hours in the one-micron
group and 72 hours in the eight-micron group. Pasteurella tularensis
was found in these sites of reaction.

IV. DISCUSSION

Under the conditions of these experiments, it is apparent that the
respiratory bronchiole is the primary site of infection in the lung of-
rhesus monkeyas exposed tO aerosols of, .tularensis, Zn.,this study-
LIM LUMpiLaLury brunchioie was considered to be that portion of the
bronehiolar system with: (a) small bundles of smooth muscle- in- the
wall outlining the openings of small alveoli,, (h) a iow cuboidal or
squamous, nomciliated, non-mucus-producing epithelium overlying the
smooth muscle bundles, (c) an associated artery, (d) anthrocotic
pigment in the immediate peribronchiolar tissue, and (e) evidence-oft
direct connection with alveolar ducts.

Although the present work dealt only with the virulent BCHU 04
strain of P. tularensis, other experiments with monkeys have indicated
that the respiratory bronchiole is the initial site of infection with
the live vaccine strain of P. tularensis 1 3 and with psittacosis
virus. 14 The susceptibility of the respiratory bronchiole to injury
by nitrogen dioxide was shown by Kleinerman.°1 Schiller"6 is of the
opinion that dust particles invade the walls of respiratory bronchioles.

Our experiments have not revealed the immediate site of deposition
of infectious aerosol particles. The demonstration of intracellular
P. tularensis by fluorescent antibody staining of tissue obtained 20
minutes after exposure may indicate that phagocytosis occurred either
in the respiratory bronchiole or distally, followed by migration of
the phagocyte up to the respiratory brochiole. Whichever is the case,
the initial lesion occurs in the wall of the respiratory bronchiole.
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It is apparent that particle size of the aprosols in our experi-
ments did not influence the site of respiratory bronchiolitis. Within
"the diamneters of one to eight microns, infectious particles containing
P. tularensis induce respiratory bronchiolitis in rhesus monkeys. These
data do not preclude the possibility that the larger particles break down
within the airstream of the respiratory tract. Determination of the
condition, size, or degree of intrapulmonary breakup or dispersion of the
larger particles was not within the scope of this study.

Lesions of tularemic bronchiolitis were first detected in the monkeys
exposed to the eight-micron particles at 48 hours in contrast to 24 hours
for the monkeys exposed to one-micron particles. This difference may be
attributed to the doses used. The highest practicable dose with the equip-
ment available was employed to facilitate detection of organisms and legions.
Although 21 thousand bacteria per gram of lung were recovered approxi-
mately 20 minutes after exposure to one-micron particles, less than ten per
cent of the tissue sections, four microns thick, contained P. tularensis.
The dose contained in eight-micron particles was much lower; therefore,
fewer organisms reached the respiratory bronchioles, resulting in fewer
lesions. Thus, the apparent 24-hour delay in appearance of lesions in the
animals exposed to eight-micron particles may have been due to the fact that
the comparatively small number of lesions produced excaped earlier detecti-on

. ~*. = a4w'em±

This is in contrast to the findings of Druett and coworker-,' who .
exposed guinea p-iito Y.- - js in aerosol particles IZ--- i-- ....
diameter or clouds of single or ganiama. The latter aerosols o-onisgted.
of small particles that produced bronchopneumonia and a fatal septicemia.
Animals that inhaled the large particles became septicemic and died in
a shorter time, but did not have a pneumonia.

Rhesus monkeys were exposed to the SCHU 84 strain of P. tularensis
in aerosols consisting of particles either one or eight microns in diameter.
Intracellular. P. tularensis was demonstrated in respiratory bronchioles
by fluorescenit antibody staining of tissues obtained 20 minutes after
exposure to lterosols of one-micron particles. The initial lesion, seen at
24 hours inthe one-micron group and at 48 hours in the eight-mickon group,
was a respiratory bronchiolitis. This bronchýolitis appeared to extend into
adjacent pulmonary tissue and involve the alveolar spaces. P. tularensis
was readily identified in the bronchiolar and bronchopneumonic lesions.
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